Ethylene glycol-mediated tubular injury: identification of critical metabolites and injury pathways.
Ethylene glycol (EG) intoxication produces multisystem organ injury, including acute renal failure. Although EG must be metabolized to toxic intermediates to induce organ damage, the specific metabolite(s) responsible and the underlying pathogenic mechanisms remain poorly defined. To explore these issues, isolated mouse proximal tubular segments (PTSs) were incubated with either varying doses of EG or its prime metabolites (glycolate, glycoaldehyde, glyoxylate, or oxalate for 15 to 60 minutes). Injury was assessed by the percentage of lactate dehydrogenase (LDH) release, LDH destruction, adenosine triphosphate (ATP) depletion, or membrane phospholipid degradation. Toxicities were also assessed in cultured HK-2 cells over 18 hours (by MTT assay). EG, glycolate, and oxalate did not induce overt PTS injury. Conversely, glyoxylate and glycoaldehyde were highly toxic, causing profound ATP depletion and LDH release. Glycoaldehyde also caused enzyme (LDH) and selected phospholipid degradation (phosphatidylethanolamine, phosphatidylserine). These changes were not seen with glyoxylate treatment. Acidosis (pH 6.8) and glycine (2 mmol/L) each blocked glyoxylate, but not glycoaldehyde toxicity, indicating differing injury pathways. Only glycoaldehyde and glyoxylate induced marked HK-2 cell death. We conclude that glycoaldehyde and glyoxylate are the principal metabolites responsible for EG nephrotoxicity and do so by causing ATP depletion and phospholipid and enzyme destruction. Glycine and acidosis, by-products of EG metabolism, can attenuate glyoxylate-mediated injury. This suggests that naturally occurring but incomplete protective pathways may be operative during the evolution of EG cytotoxicity.